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Abstract— In this paper, a MEMS based capacitive nasal sensor
system for  measuring  Respiration  Rate  (RR)  of  human being  is
developed. At first two identical diaphragm based MEMS
capacitive nasal sensors are designed and virtually fabricated. A
proposed schematic of the system consists of signal conditioning
circuitry alongwith the sensors is described here. In order to
measure the respiration rate the sensors are mounted below
Right Nostril (RN) and Left Nostril (LN), in such a way that the
nasal airflow during inspiration and expiration impinge on the
sensor diaphragms. Due to nasal airflow, the designed square
diaphragm of the sensor is being deflected and thus induces a
corresponding change in the original capacitance value. This
change in capacitance value is to be detected by a correlated-
double-sampling (CDS) capacitance-to-voltage converter is
designed for a precision interface with a MEMS capacitive
pressure sensor, followed by an amplifier and a  differential
cyclic ADC to digitize the pressure information. The designed
MEMS based capacitive nasal sensors is capable of identifying
normal RR (18.5±1.5 bpm) of human being. The design of sensors
and its characteristics analysis are performed in a FEA/BEA
based virtual simulation platform.
Index Terms— MEMS capacitive nasal sensor, diaphragm
deflection, respiration rate (RR), oscillator, sensitivity, Finite
Element Analysis, Boundary Element Analysis.
I. INTRODUCTION
Respiratory Rate (RR) is a very important physiological
parameter to be monitored in people both in healthy and critical
condition, as it gives meaningful information regarding their
respiratory system performance as well as condition [1]. The
RR is defined as the number of breaths per minute [2]. A
typical RR at resting is 12 and its corresponding frequency is
0.2 Hz [2]. During recovery from surgical anesthesia, a ȝ-
opioid agonists used for pain control can slow down RR
leading to bradypnea (RR<12) or even apnea (cessation of
respiration for an indeterminate period) [3], while airway
obstructions like asthma, emphysema and COPD will increase
RR causing tachypnea (RR > 30) [4]. Hence, RR measurement
becomes clinically very important. The methods commonly
used for measuring RR are visual observation, impedance
pneumography, acoustic sensing, fiber optic sensing,
Respiratory Inductance Plethysmograph (RIP) and nasal
prongs (NP) [5]. However, due to very sensitive patients’
movements and high cost, these methods find limited use in the
clinical settings [6]. Earlier, Siivola [8], Choi and Jiang[8,9]
used Poly Vinyl Di Flouride (PVDF) to record respiration and
cardiac action in human beings. In 2008, J.H. Oum et al.
reported a non contact type capacitive sensor for determination
of the heart rate and respiration rate [10]. Different materials
have been studied as a diaphragm material for such capacitive
sensors and it has been reported that Polysilicon is working
efficiently as diaphragm material for a wide variety of
applications [7].
Fig. 1. Schematic of the process for the respirstion rate (RR) measurement
In our present study, MEMS based capacitive respiration rate
sensor is designed in FEA/BEA based virtual design simulation
platform. The characteristics analysis of the designed sensor is
also computed in the same simulation software. The
characteristics plots obtained from the sensor are compared
with ‘Gold standard’ RIP and NP methods.
II. SENSOR DESIGN
Fig.  2  illustrates  the  innovative  design  of  the  square  shaped
diaphragm based MEMS capacitive pressure sensor for
determination of the respiration rate (RR). As shown in the
Fig.  2,  this  capacitive  pressure  sensor  consists  of  a  pair  of
plates (one fixed plate and one moving plate). The diaphragm,
the moving plate and the fixed plate are all in square shape to
maintain mirror symmetry for the stresses at the edges where
the diaphragm is clamped.
The fixed plate is placed in parallel with the moving plate to
form a parallel plate capacitor. This fixed plate also caps the
moving plate inside of a sealed cavity.
Fig. 2. 3D view of the designed respiratory sensor (a) Top view and (b) Side
View
As the diaphragm deflects under a pressure load, the moving
plate of the capacitor experiences the same amount of
deflection from the center of the diaphragm. Thus a diaphragm
deflection is readily converted to a capacitance change. For
square diaphragm with a small deflection at any point(x,y) is
given by[11]:

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Here, ‘a’ is the half side length of the diaphragm and
maximum deflection occurs at the center (x=0, y=0) is given
by

and the capacitance is given as:

Here, in this simulation platform Eq.(3) is solved numerically.
For a small deflection, the analytical deflection of the
capacitance can be derived by expanding the denominator of
Eq. (3) in the Taylor’s series expansion as given below:

Since it is a small deflection case the higher order terms in the
expression can be neglected and the Eq. (4) reduces to:

Integrating eq. (5) and using the value of w(x,y) from eq. (1)
we get,
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
Here, in this simulation platform Eq.(6) is solved numerically.
Where, Co is the zero pressure capacitance and is given by,
         Co= H4a2/d 
The term sensitivity of a capacitive type pressure sensor can
be defined as,

Thus, sensitivity is obtained   in this work by differentiating
Eq. (6) w.r.t. pressure (P) and can be expressed as
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III. VIRTUAL SENSOR FABRICATION
The  virtual  fabrication  steps  for  the  designed  sensor  in
FEA/BEA based virtual simulation software is provided
below.
We have chosen Si Czochralski (100) as a substrate material
with thickness of 10 (µm) (Fig. 3(1)). Then a thin layer of
SiO2 is deposited over the substrate (Fig. 3(2)). The thickness
of this layer is of 1000 nm (Conformal). A photo resist (PR-
AZ5214) is deposited via spin coating technique having
thickness of 300 nm (Fig. 3(3)).
Now the UV Lithography is performed with Mask as shown
in Layer 1 (Fig. 3(4)). Partial Etching of SiO2 layer has been
done with Wet (BOE) (Fig. 3(5)). Again wet etching is
applied to remove the photo resist PR-AZ5214 (Fig. 3(6)).
In order to design the fixed plate, P Implant (P-ion) is doped
with a junction depth of 1000 nm (Fig. 3(7)). Hence wet
etching has been taken place to remove SiO2 (Fig. 3(8)).
 A sacrificial layer of PSG (Phosphosilicate Glass) is
deposited on the fixed plate by LPCVD (Fig. 3(9)). Once the
sacrificial layer thickness 2000 nm (Conformal) is formed, the
photo resist (PR-AZ5214) is again deposited (Fig. 3(10)).
Subsequently, to generate the cap type upper plate lithography
with UV Contact is performed with Mask Layer 2 (Fig 3(11)).
As we have applied negative resist,
The side walls are removed leaving behind the middle portion
where the mask is placed.
Now PolySi is deposited by LPCVD of thickness 1000 nm
(Conformal) in order to form upper movable diaphragm (Fig.
3(14)). Moreover to achieve the desired shape,   Mask Layer 3
is  placed  over  the  layer  of  polySi  and  UV  Lithography  was
performed (Fig. 3(16)).
Reactive Ion Etching (RIE) using Cl2 has applied to remove
the extra deposited layers of PolySi from the side surfaces
(Fig. 3(17)).
Again PR-AZ5214 is removed by Wet Etching (Fig. 3(18)).
The required gapping between the two plates is achieved by
etching out the PSG layer. Simultaneously, the photo resist is
also removed Etch PSG Generic (Fig. 3(19)).
Fig. 3. Views of the virtually fabricated sensor with the above mentioned
steps.
Finally, Sacrificial Si is removed through wet (HNO3_HF):
Etching (Fig. 3(20)).
The designed mask layers for virtually fabrication of the
sensor is shown in Fig. 4.
Fig. 4. Design of the mask layers in the simulation platform
IV. RESULT AND DISCUSSIONS
The pressure range during exhalation for a healthy human
being varies from 0.3 kPa to 2 kPa. Therefore pressure range
mentioned before is applied on the diaphragm of the designed
sensor. Corresponding deflection of the diaphragm for a
minimum and maximum pressure of that specified pressure
range if given if Fig. 5 (a,b) and its corresponding plot for the
whole pressure range is shown in Fig. 6.
Fig. 5. Simulated view of the diaphragm displacement with applied pressure
of (a) 0.3 kPa (b) 2 kPa
Fig. 6.Plot of deflection of the diaphragm corresponding to the pressure (0.2-
2.2 kPa)
Fig. 7. Plot of Change in capacitance (µF) vs. Pressure (kPa)
Fig. 8. Dynamic response of the diaphragm
The change in capacitance (µF) with applied pressure of 0.3-2
kPa for a potential of 1 Volt applied between the plates is
shown  in  Fig.  6.  It  gives  a  linear  response  for  the  exhaled
pressure range. In order to detect the exhalation rate, the
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corresponding movement of the diaphragm due to the applied
pressure, induces a change in the capacitance between the
plates with respect to time. As a result, the dynamic response
of the designed sensor is obtained for the range of the exhaled
pressure which is represented in Fig.7. It is observed that the
pattern obtained from the response validate with the normal
breathing rate (18.5±1.5 bpm) of the human being [12].
V. CONCLUSIONS
In this present study we have restricted our work in
simulation only where we have verified the simulation studies
with the actual exhaled pressure. During verification, the nature
of the dynamic response is showing a confirmation with the
actual nature of the normal breathing pattern, a more detailed
study on different RR (number of breaths per minute (bpm))
corresponding to tachypnea (34.5±4 bpm), and bradypnea
(10.5±2.2 bpm) will be performed. Once the simulation study
will be satisfied, a real time implementation of this system will
be developed with required associated signal conditioning
circuitry.
VI. FUTURE IMPLEMENTATION
The Fig. 9 presents overall block diagram of the electronic
system design architecture for the signal processing of the
sensor. A fully differential architecture is chosen for the
interface electronics to suppress common-mode disturbances.
A correlated-double-sampling (CDS) capacitance-to-voltage
converter is designed for a precision interface with a MEMS
capacitive pressure sensor, followed by an amplifier and a
differential cyclic ADC to digitize the pressure information.
Fig. 9. Block diagram of the electronic system design architecture of the
MEMS capacitive type nasal exhalation sensor
The obtained output in the form of voltage is calibrated with
the respiration rate pressure and is stored for the further
analysis..
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